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SHOCK OF CARDIAC ORIGIN* 


Shock may be defined as a type of circulatory 
failure which is a threat to life and is charac- 
terized in its most typical form by a slightly 
cyanotic pallor, sweating, cool skin, restlessness, 
weakness, a rapid thready pulse and hypotension. 
There are several accepted deviations from the 
characteristic pattern of shock, including slow 
pulse, warm, flushed or dry skin, or primary 
hypotension appearing concomitantly without 
other signs. When hypotension is the first and 
dominant characteristic of circulatory failure, the 
term “shock-like” state is broadly used to cover 
the uncertainty about the responsible basic 
mechanisms. 

“Shock of cardiac origin” implies an acute 
hypotensive episode in a patient with an obvious 
cardiac defect resulting in inadequate delivery of 
blood by the heart. It is an artificial and heter- 
ogenous grouping in both etiological and basic 
functional components. There is almost invari- 
ably both myocardial failure and a peripheral 
vascular reaction, as illustrated by the shock of 
myocardial infarction, the most frequent cause of 
“cardiac shock.” There is strong but not undis- 
puted evidence that myocardial failure is an im- 
portant element in the fatal progress of the late 
stages of all forms of shock. 

In the classical form of shock or in its variants, 
therapy should be directed both to the causative 
process and to the critical phenomena presented 
in the chain of events that follow. A nervous 
system reflex presumably causes pooling of blood 
in the viscera and dependent portions of the 
body. The reduced return of venous blood is ap- 
parent from collapsed jugular veins and is re- 
flected in diminished cardiac output. Vasocon- 
striction, especially arterial, promptly follows, so 
that normal blood pressure may be temporarily 
maintained and blood shunted from less vital 
areas, especially the kidneys and extremities, to 
sustain an adequate flow to the brain and heart. 
Failure of this vasoconstrictor mechanism initi- 
ates hypotension, and the low head of arterial 
blood pressure is insufficient to supply adequately 
the vital tissues. Functional integrity of these 
tissues, most notably the myocardium, brain and 
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kidneys, is damaged by reduced oxygen supply, 
by insufficient carbohydrate source, and probably 
by lack of other required elements of cellular 
metabolism. Ammonia concentration of the blood 
rises and may contribute to blunting of the sen- 
sorium. 

The experimental evidence that sympathetic 
blocking agents may prevent shock and that the 
vasoconstrictor reactions may limit blood flow 
to the peripheral tissues formerly led to a re- 
luctance to use pressor drugs in the treatment of 
shock. Clinical experience has now indicated that 
this reluctance was unwarranted. 


Irreversible Shock 


When the hypotension is severe and per- 
sistent and the resultant tissue damage is well 
advanced, the “shock” becomes “irreversible.” 
This stage was formerly recognized in cases that 
had persisted over four hours, although it may 
occur in as short a time as one hour. In it, 
patients fail to exhibit an elevation of blood pres- 
sure upon replacement of the lost fluid or blood. 
or upon the administration of a single dose of 
epinephrine. The fundamental mechanism of ir- 
reversibility is not understood, but two explana- 
tions have been offered: (1) the release of fer- 
ritin or vasodepressor substance (VDM) from 
the hypoxic liver tissue (Shorr), and (2) the 
formation of many minute thrombi blocking 
capillaries and blood flow, especially in the lungs, 
secondary to hypercoagulability of the blood and 
to the stagnant flow (Crowell and Read). “Irre- 
versible” shock recently has been found to be 
reversible, although infrequently if over four 
hours’ duration, by maintenance of blood pres- 
sure with continuous intravenous drip infusion 
of l-norepinephrine or Aramine solutions. The 
time of recovery of natural pressor mechanisms 
seems to obey no apparent law, since withdrawal 
of the intravenous therapy has been tolerated in 
from one hour to 20 days. Recovery may be 
observed slowly but is often quite abrupt. Griffith 
and his associates have confirmed experimental 
observations that heparin added to the infusions 
of l-norepinephrine increases the chance of sur- 


vival, probably by prevention of small vessel’ ° 


thrombosis. 
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Relation of Adrenal Cortex to Shock 


The role of the adrenal corticoids in the reac- 
tion to shock is in dispute. Experimentally, 
cortisone and related corticoids potentiate the 
vasoconstrictor action of l-norepinephrine. Sev- 
eral investigators firmly believe that shock re- 
fractory to other therapy has been relieved by 
intravenous hydrocortisone in 100 mg. doses, 
especially when combined with /-norepinephrine. 
Other investigators have failed to observe such 
convincing experiences and adhere to the concept 
that preliminary injection of corticoids may pre- 
vent experimental shock but will not relieve it 
once it is present. There are clinical suggestions, 
but as yet no concerted opinion, of the existence 
of various degrees of adrenal cortical insuffi- 
ciency in different patients. This might explain 
the individual variation in the tendency to de- 
velop shock in similar situations. Irrespective of 
these disputes, the adequate trial use of adrenal 
corticoids for short periods in refractory shock 
is rarely harmful. 


Hypotensive Form of “Shock-like”’ States 


“Shock-like” states in which early hypotension 
is the most prominent feature may be confused 
with benign hypotension, as in the transient 
vasovagal reaction of “psychic” syncope, the 
purposeful hypotension of hypothermia, and the 
“chemical” hypotension induced by autonomic 
nervous blocking agents such as hexamethonium 
and Dibenamine. 

In hypotension from other causes, the degree 
that may be considered a threat to tissue in- 
tegrity is determined by the previously “normal” 
state of the blood pressure and the metabolic 
demands of the tissues. Thus, a patient with a 
normal blood pressure of 120/80 mm. Hg gen- 
erally exhibits a shock-like pattern when the 
pressure falls to 80/50 mm. Hg, whereas a hyper- 
tensive patient whose customary blood pressure 
has been 200/120 may present a shock-like ap- 
pearance at a level of 110/70 mm. Hg. 

Oliguria is an important clue that the pressure 
is reduced to levels which seriously impede tissue 
function. Ample urine output, therefore, is evi- 
dence that the blood is adequately irrigating the 
tissues under the existing “head” of arterial pres- 
sure and that shock does not exist. Hypotensive 
oliguria must not be confused with that follow- 
ing: (1) excessive loss of water from the skin or 
the gastrointestinal tract, (2) sequestration of 
fluid in body cavities or the bowel, (3) rapid 
accumulation of subcutaneous edema in heart 
failure, or (4) excessive secretion of adrenal 
corticoids or antidiuretic hormone. 


“Shock” of Myocardial Infarction 


In about 10 per cent of cases of myocardial 
infarction, a “shock-like” state occurs with pri- 
mary hypotension which may appear abruptly or 
gradually. The patient will exhibit pallor, sweat- 
ing, anxiety, faintness, tachycardia and oliguria 
when a critically low level of blood pressure is 
attained. Pulmonary congestion frequently may 
be present. This reaction may usher in the attack 


380 


of infarction and be associated with syncope 
which will conceal the complaint of characteristic 
pain. Pain is equally concealed in 75 per cent of 
cases of myocardial infarction that occur during 
or immediately after a surgical operation per- 
formed under anesthesia or analgesia. Postopera- 
tive shock-like states, especially in elderly pa- 
tients, which cannot be explained by hemorrhage 
or trauma warrant study by serial electrocardio- 
grams to exclude myocardial infarction. 

The hypotensive episode generally occurs at 
the onset of the infarction, but in at least half 
of such cases it is transient, less than one hour 
in duration and not of serious importance. Re- 
covery, however, may be temporary and severe 
hypotension may reappear within the next three 
hours. A second vulnerable period for hypo- 
tension is from 48 to 72 hours after the onset of 
the attack, although it may occur, with decreasing 
frequency, at any time over a period of seven 
days. These later shock-like incidents are believed 
“by Selzer to be due more frequently to myo- 
cardial failure than to neurogenic peripheral 
vascular collapse. It is my experience that either 
causative element apparently may be dominant 
in shock, irrespective of the temporal relation to 
the onset of the infarction. 

Signs of left ventricular failure may be promi- 
nent with the onset of “shock,” especially in 
formerly hypertensive patients. Various degrees 
of acute pulmonary edema may be the major 
evidence of an acute infarction, and the dyspnea 
may mask anginal pain. Complete atrioventricu- 
lar block, bundle branch block, atrial fibrillation 
or ventricular tachycardia may also accompany 
the hypotensive episode and hamper the diag- 
nosis of the infarction by distortion of the elec- 
trocardiogram. The arrhythmias also may ag- 
gravate the hypotension. 


Mechanism of Cardiogenic Shock 
of Myocardial Infarction 


The major difference in the dynamics of this 
form of “shock” from the sequence of events 
described in the classical form is the fall in 
cardiac output, irrespective of the height of 
systemic venous pressure. While moderately high 
venous pressure is not a constant finding, it 
occurs frequently enough, as does pulmonary 
edema, to indicate that myocardial failure gen- 
erally accompanies the onset of “shock.” 

The chief cause of myocardial failure is prob- 
ably hypoxia from reduction of the arterial 
channel size, and with the development of hypo- 
tension the lowered head of arterial irrigation 
pressure further decreases the blood flow through 
the narrowed arteries or collateral vessels. In- 
adequate carbohydrate supply to the myocardium 
is now recognized as an important damaging 
factor induced by inadequate coronary circu- 
lation. 

The peripheral arterial resistance generally 
rises in “coronary shock,” but in severe cases 
may be unchanged or slightly decreased. This 
suggests that a peripheral vascular mechanism 
contributes to the shock in these severe cases. 


The mechanism of irreversible shock has been 
discussed under the sequence of events of “shock” 
in general. It may be assumed that the same 
mechanisms apply to cardiogenic “shock,” with 
the additional assumption that the myocardium 
has been damaged primarily and that digitalis 
and direct stimulants of myocardial contraction, 
such as Aramine and /-norepinephrine, are thera- 
peutically indicated. 


Differential Diagnosis of 
Cardiogenic “Shock” 


Certain other cardiac conditions produce 
abrupt hypotensive shock-like states and techni- 
cally may be classified as cardiac “shock”; all are 
associated with a fall in cardiac output and dur- 
ing the hypotensive state may induce myocardial 
infarction: 


1. Cardiac tamponade, occurring as a result of 


trauma (which should be obvious), spontaneous, : 


bleeding, especially during anticoagulant therapy, 
or a ruptured dissecting aneurysm. The latter 
may produce severe pain and there may be 
electrocardiographic abnormalities which closely 
resemble those of myocardial infarction. In tam- 
ponade from these causes there is a high eleva- 
tion of jugular venous pressure with facial cyano- 
tic suffusion, clear lungs and paradoxical pulse. 
Survival rarely exceeds a few minutes. 


2. Dissecting aneurysm with hemorrhage in 
some other body cavity generally presents the 
same problem of differentiating the cause of pain 
prior to rupture. The persistence and spread of 
the pain to the lower parts of the body are the 
clues to the diagnosis. Hypotension does not 
occur prior to the rupture, and often the blood 
pressure rises if the renal arteries are constricted. 
The patient presents extreme pallor, and duration 
of life is generally brief. 


3. Severe aortic or subaortic stenosis frequent- 
ly precipitates syncope or giddy attacks, especial- 
ly with effort. They rarely persist over one- 
quarter hour and cannot be classified as shock. 
The physical signs should indicate the diagnosis, 
but myocardial infarction is not a rare accom- 
paniment of this lesion. 


4. Rapid ventricular heart rates from par- 
oxysmal atrial, nodal or ventricular tachycardia 
or atrial flutter or fibrillation may produce 
“shock-like” hypotensive states that persist for 
hours or days and require therapy with pressor 
drugs. The electrocardiogram should generally 
establish the diagnosis but it often exhibits 
abnormalities which may be confusing. Most 
notably this occurs in patients with coronary 
arteriosclerosis in the form of inverted T waves, 
aberrant QRS complexes and depressed S-T seg- 
ments. The latter is rarely found in an acute 
infarction, where S-T elevation is the rule. Ven- 
tricular tachycardia may usher in a myocardial 
infarction in which the electrocardiogram is diag- 
nostic only when typical serial changes occur. 
Anginal pain may accompany a tachycardia and 
last for hours. 
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5. Acute heart failure, especially pulmonary 
edema, in patients with hypertension or aortic 
valve disease may be accompanied in its later 
stages by prolonged hypotension. The electro- 
cardiogram is of little help but commonly pre- 
sents deep S-T segment depressions. Pain or 
constricting discomfort may be absent in myo- 
cardial infarction or may be concealed when 
acute pulmonary edema is the initial pattern. 
Fever and rapid erythrocyte sedimentation rate 
generally follow acute pulmonary edema from 
any source, but the serum content of glutamic 
oxaloacetic transaminase (SGO-T) is not elevated 
unless myocardial infarction or hepatic damage 
has occurred. In the instance of hepatic damage 
from heart failure, recent work indicates that 
serum glutamic pyruvate transaminase (SGP-T) 
will be differentially elevated more than the 


SGO.T. 


6. Acute myocarditis resulting from any in- 
-feetious disease may present a shock-like hypo- 
tensive state. The changes in the electrocardio- 
gram may not be sufficient to differentiate this 
condition from myocardial infarction. The fever 
and other specific signs of the infectious process, 
and the absence or minimal amount of pain, are 
the clues to the diagnosis. Death may ensue, 
often abruptly and irrespective of therapy in 
severe cases. The differential diagnosis may be 
extremely difficult. 


7. Other instances of cardiac disease in which 
acute hypotensive episodes may occur, but are 
either brief or fatal and therefore are rarely con- 
fused with myocardial infarction are: (a) Stokes- 
Adams seizures—ventricular fibrillation or stand- 
still in complete A-V block, and (b) ball-valve 
thrombus or a pedunculated tumor of a heart 
chamber which may cause transient hypotension 
rarely persisting over one-quarter of an hour. 


Other Medical Causes of “Shock-Like” 
Hypotensive States, Any of Which May 
Precipitate Myocardial Infarction 


1. Loss of blood volume by hemorrhage (the 
most frequent silent source of bleeding is peptic 
ulcer). When severe or long-standing, it may re- 
sult in irreversible shock in spite of replacement 
of lost blood. 


2. Reduction of blood volume by general 
bodily dehydration, which may be seen in per- 
sistent vomiting. diarrhea, gastric and intestinal 
drainage, excessive sweating, or diabetic glyco- 
suria and acidosis. Loss of sodium and/or potas- 
sium ions may contribute to the shock. 


3. Cerebral arterial occlusion or hemorrhage 
as a primary cause of hypotension may be con- 
fused with myocardial infarction or may accom- 
pany it. Electrocardiographic T-wave inversion 
may occur in acute cerebral lesions and resemble 
coronary insufficiency. 


4. Pulmonary ewbolism. Minor or medium- 
sized emboli rarely precipitate shock except when 
they occur in massive showers, but large emboli 
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lodging in major pulmonary arteries frequently 
cause severe and persistent shock. 

Although block of blood flow through the lung 
may be contributory, the neurogenic peripheral 
vascular reaction is apparently the cause of the 
hypotension. Chest discomfort is apt to be present 
as a diffuse anterior oppression rather than the 
pain of myocardial infarction. Differentiation of 
symptoms is very difficult. Cyanosis, dyspnea, 
wheezing, jugular venous distention and hepa- 
tomegaly are prominent signs of abrupt right 
ventricular failure. 


5. Peripheral vascular collapse as induced by: 
(a) anaphylactic shock, (b) severe infections, 
especially gram-negative bacterial septicemias, 
and (c) idiosyncrasy to or overdosage with cer- 
tain drugs, especially when administered parenter- 
ally, such as mercury, arsenic, aminophylline, 
barbiturates, quinidine and procaine or procaine 
amide (Pronestyl). Pronestyl has been observed 
to precipitate or accentuate shock in myocardial 
infarction. Persistent shock-like states have fol- 
lowed the excessive response to certain hypo- 
tensive agents, specifically hexamethonium, pen- 
tolinium tartrate (Ansolysen), veratrum. chlor- 
promazine and nitrites. 


6. Acute adrenal insufficiency as encountered 
in Addisonian crises and more commonly in 
severe systemic infections, especially meningo- 
coccemia with the Waterhouse - Friderichsen 
syndrome. 


7. Relative epinephrine and I-norepinephrine 


insufficiency following removal of adrenal 
tumors. 


Therapy of Cardiac Shock 


1. As in all cases of shock, relief of apparent 
precipitating causes, where possible, must be 
effected, e.g., by removal of pericardial fluid in 
tamponade, by termination of ventricular or 
atrial tachycardia, by slowing the ventricular 
rate with digitalis in atrial flutter or fibrillation, 
by increasing the ventricular rate to 40 or more 
in complete heart block, or by replacement of 
depleted blood volume and electrolytes in hem- 
orrhage and dehydration, without flooding the 
patient with excess water and sodium. 


2. General measures: 


a) Maintain adequate carbohydrate and 
water intake by intravenous infusions of glucose 
if oral intake is not tolerated. 

b) Oxygen administration is important, 
especially if pulmonary edema is present, when it 
may be bubbled through a 50 per cent ethyl 
alcohol solution. Six to eight liters per minute 
should be given through plastic masks or nasal 
cannulae as the most comfortable methods, and 
generally a 50 per cent increment of alveolar 
oxygen can be maintained for hours or days. A 
tent may be required for delirious patients. 
Administration of oxygen under positive pressure 
by such means as the Bennett apparatus may 
decrease venous inflow into the heart and thus 


decrease cardiac output, specifically if the expira- 
tory phase at atmospheric pressure is shortened. 
If used for pulmonary edema after the blood 
pressure has returned to a satisfactory level, the 
inspiratory pressure should not exceed 10 cm. of 
water and then only for periods less than 15 min- 
utes in duration. 

c) The patient must be kept in a recumbent 
or semirecumbent position unless pulmonary 
edema floods the upper portions of the lungs 
in this position. Chair treatment or sitting posi- 
tions in bed are poorly tolerated in shock, even 
for short periods. 

d) Since sodium is avidly retained by the 
kidneys for one to five days in all cases of severe 
myocardial infarction, even when urine output 
is adequate, probably due to the hormonal re- 
sponse to stress, daily intake of sodium by diet 
or infusion should be restricted to 300 mg. or 
less. Mercurial diuretics may be required to 
enhance sodium and water excretion. 


3. Specific measures directed to the cardio- 
vascular system: 


a) Where myocardial failure is present in 
shock, prompt digitalis saturation should be at- 
tained, especially when atrial fibrillation is pres- 
ent. Except in atrial fibrillation, after the admin- 
istration of digitalis one should not expect im- 
mediate dramatic improvement of hypotension or 
even of pulmonary edema, since the relief of 
dysfunction of large areas of myocardium is 
dependent on restoration of coronary blood flow. 

b) Intravenous or intra-arterial infusions 
of 250 to 500 ml. of blood, plasma and plasma 
expanders may temporarily elevate blood pres- 
sure in shock, when given at rates of 3 to 8 ml. 
per minute. This therapy has been largely sup- 
planted by the vasopressor amine drugs. 

c) Short-acting vasopressor amines, e.g.. 
Neo-synephrine, Vasoxyl, Propadrine or Par- 
edrine, in doses of 5 to 15 mg., and mephenter- 
amine (Wyamine) in doses of 45 mg., intraven- 
ously or intramuscularly, will give transient ele- 
vation of blood pressure for 5 to 30 minutes. Such 
temporary effects, which also can be obtained by 
transfusion, may bridge a critical period if the 
natural pressor mechanisms are shortly re-estab- 
lished. Unfortunately, this is rarely the case, and 
the chief use of these drugs is to act as a stopgap 
until the sustained intravenous drip drug therapy 
can be started. 

d) Sustained intravenous drip infusion of 
l-norepinephrine or Aramine has been a most 
important contribution in shock therapy, reduc- 
ing the eventual fatality rate of such cases by 30 
to 50 per cent. It should be initiated as soon as 
it becomes apparent that hypotension is severe. 
recurrent or persistent, since delay for over four 
hours greatly reduces the chance of recovery. 
Patients with “irreversible shock” may recover 
with such medication after continuous use for 
one hour to 20 days, although the mechanism 
for the abrupt or gradual restoration of normal 
pressor conditions is unknown. The administra- 
tion of these drugs requires continuous skilled 
supervision. 


The mechanism of action of these drugs is 
probably twofold: (1) a direct increase ot the 
cardiac output by a greater contractile force of 
the myocardium without impeding its efficiency, 
and (2) a peripheral arterial vasopressor effect 
which increases arterial pressure and thus the 
head of pressure irrigating the coronary vessels. 
Additionally, there may be some local dilating 
effect on the coronary arteries. 


e) Adrenal corticoid therapy, as previously 
stated, experimentally increases the effect of 
pressor amines on arteries. The corticoids have 
been disappointing in the treatment of shock in 
myocardial infarction, although there is evidence 
that corticoids in combination with [-norepine- 
phrine have resulted in lifesaving responses in 
shock from other causes. There have been infre- 
quent cases of cardiac shock in which norepine- 
phrine effect seems to have been increased and 
stabilized by corticoids. Hydrocortisone, in a 


100 mg. dose given intravenously over a + four-’ 


hour period, has been reported as the most 
effective drug. Prednisolone hemisuccinate, in 
10 to 25 mg. doses administered intravenously, is 
suggested as less likely to increase sodium reten- 
tion. 


Conclusions 


1. Cardiac shock does not differ materially 
from other medical or surgical shock in that 
vasodepressor effects, “effective” blood volume 


reduction, and myocardial failure are implicated 
in all. In shock accompanying myocardial in- 
farction, and in other instances where the heart 
is directly involved, myocardial failure seems to 
be a more important precipitating factor than 
neurogenic vasodepressor impulses. 


2. The existence of severe hypotension, espe- 
cially when prolonged, leads to tissue hypoxia 
and critical damage to certain vital organs, 
especially the brain, myocardium and kidneys. 
Prompt correction of severe hypotension is an 
essential lifesaving measure and is required ex- 
cept where the tissue metabolism has been pro- 
portionately reduced. 


3. Other than the control of certain causative 
factors, the most valuable therapeutic agents 
available are the pressor-amine drugs admin- 
istered by continuous intravenous drip infusion. 
The short-acting pressor agents may not sustain 
adequate blood pressure, and the administration 
of l-norepinephrine or Aramine by continuous 
intravenous drip infusion should be initiated 
before the shock becomes irreversible. This 
therapy should be continued until the normal 
vasopressor mechanisms are restored, which may 
require hours or days. Such intravenous therapy 
requires constant intelligent supervision. 


4. Digitalis therapy, whereas not as dramatic 
in its effect, probably contributes toward recov- 
ery in those forms of shock where myocardial 
failure is evident or suspected and is used rou- 
tinely by many clinicians in all such cases. 


5. Administration of oxygen is generally nec- 
essary, especially when pulmonary edema exists. 


Joun J. Sampson, M.D. 

Clinical Professor of Medicine 

University of California School of Medicine 
Chief, Department of Medicine 

Mount Zion Hospital 

San Francisco, Calif. 
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The 30th Annual Scientific Sessions of the American Heart Association will be held in 
Chicago, Illinois, on October 25 through 28, 1957, in conjunction with the Association’s Annual 
Meeting. The deadline for submission of abstracts is June 15, 1957. Abstracts will be accepted 
only on forms which may be obtained from the Medical Director, American Heart Association, 
Inc., 44 East 23rd Street, New York 10, N. Y. 

Papers intended for presentation should be based on original investigations in or related 
to the cardiovascular field. The abstracts must be 300 words or less, and should contain in 
summary form the results obtained and the conclusions reached. Abstracts must be submitted 
in triplicate, in a form suitable for publication in the Proceedings. 

The Scientific Sessions again will feature a section for Scientific Exhibits. Requests for 
space and application forms may also be obtained from the Association’s Medical Director. 
The deadline for these applications is June 15, 1957. All exhibit applications will be acted 
upon by the Program Committee of the Scientific Cannes! 
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